<QjBOOOW^(o 


AD-A262  418 


I  -iM’i  f  iir  :i  m  ; 

I  :  iil .  li  :l  ,i:  li  ^  :  i  lllili  ! 


TATION  PAGE 


F^rm  Apprcvrd 
0MB  No.  070i^188 


I  \e  **tpOM*.  «0<’ 

t^l»  o^  4»r  o*.*'**  n^ortl  ^ 

#«".  to  VW4S^‘**0l0*'  fcf  Oorrtviom  «A0  IJ  l> 


1.  AGINCY  USt  ONCY  (Lttvt  Ol*nk) 


i.  REPORT  DATE 

02/01/93 


«.  TIUC  AND  SUBTlTlt 

Analysis  of  neural  systems  involved  in  modulation 
of  memory  storage 


3.  REPORT  TYPE  ANO  OATES  COVERED 
Final  01/01/90  -  12/31/92 

5.  FUNDING  NUMBERS 

ition  N00014-90-J-1626 


t.  AUTH(7R(S) 

McGaugh,  James  L. 


7.  PERFORMINO  ORGANIZATION  NAMECS)  ANO  ADDRESSEES) 

Center  for  the  Neurobiology  of  Learning  and  Memory 

University  of  California,  Irvine 

Irvine,  CA  92717-3800  I 


».  SPONSORING /MONITORING  AGENCY  NAMEES)  ^NOAOOREiyti)  -'  ^ 

Office  of  Naval  Research  4  ^ 


Office  of  Naval  Research 
800  N.  Quincy  Street 
Arlington,  VA  22217 


11.  SUPPtiMENTARY  notes 

N/A 

12*.  0ISTRI8JTI0N/AVAILA8IUTY  STATEMENT 


fs.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


10.  SPONSORING /MONITORING 
AGENCY  REPORT  NUMBER 


6§-05740 


liilll'liiiliiiH: 


Unlimited  distribution 


13.  ABSTRACT  (Maximum  iOOwortis) 

The  aims  of  this  research  project  were  to  investigate  the  involvement  of  opiate  and  GABAergic  systems,  in 
different  brain  regions,  in  regulating  the  storage  of  memory  for  different  types  of  tasks.  The  proposed 
experiments  were  based  on  previous  findings  providing  extensive  evidence  that  memory  storage  is  influenced 
by  treatments  affecting  neuromoduiatory  systems  in  the  amygdala  as  well  as  preliminary  evidence  suggesting 
the  possibility  that  such  influences  might  be  limited  to  restricted  domains  (or  forms)  of  learning  and  memory. 
The  view  that  GABAergic  and  opiate  drugs  act  by  influencing  memory  storage  is  supported  by  previous,  as 
well  as  recent  evidence  that  the  drugs  do  not  induce  state-dependency.  That  is,  die  effects  on  retention 
performance  do  not  depend  upon  a  congruence  between  drug  states  a  the  time  of  training  (or  shortly  after 
training)  and  retention  testing.  The  research  supported  by  this  grant  has  provided  additional  evidence  that 
memory  storage  is  influenced  by  opiate  and  GABAergic  influences.  Within  the  range  of  tasks  examined,  the 
effects  did  not  depend  upon  the  forms  of  learning  and  memory  examined.  Both  the  amygdala  and  septum 
appear  to  be  involved  in  regulating  GABAergic  influences  on  memory  and  the  effects  appear  to  be  mediated 
through  cholinergic  influences. 


1 14.  SUlUta  TERMS 

IS.  NUMBER  OF  PAGES 

Learning,  memory,  amygdala,  septum,  GABA,  opiates, 
B-endorphin,  acetylcholine 

5 

16.  PRICE  CODE 

17.  SECumry  cussifkation 
Of  RffORT 

18.  SECURITY  CLASSIFICATION 
Of  THIS  PAGE 

13.  SECURITY  OASSIFtCATlON 
OF  ABSTRACT 

20.  UMITATION  OF  ABSTRACT 

Unclassified 

Unclassified 

Unclassified 

Unclassified 

tnmxt  9.aOk 

Reproduced  From 
Best  Available  Copy 


FINAL  PROGRESS  REPORT 
January  1,  1990  to  December  31,  1992 


Office  of  Naval  Research  Award  Number  N00014-90-J- 1626 


Accfsion  For 

NTIS  CR.A&I 
OTIC  TAB 
Unannounced 
Justification 


By 


Project  Title:  Analysis  of  Neural  Systems  Involved  in  the  Modulation  of  Memory  Storage 


James  L.  McGaugh  Ph.D. 

Center  for  the  Neurobiology  of  Learning  and  Memory 
University  of  California,  Irvine  CA  92717-3800 


Availability  Coc.\: 


Dist 


m 


Avail  and /or 
Special 


The  aims  of  this  research  project  were  to  investigate  the  involvement  of  opiate  and 
GABAergic  systems,  in  different  brain  regions,  in  regulating  the  storage  of  memory  for 
different  types  of  tasks.  The  proposed  experiments  were  based  on  previous  findings 
providing  extensive  evidence  that  memory  storage  is  influenced  by  treatments  affecting 
neuromodulatory  systems  in  the  amygdala  as  well  as  preliminary  evidence  suggesting  the 
possibility  that  such  influences  might  be  limited  to  restricted  domains  (or  forms)  of 
learning  and  memory.  The  view  that  GABAergic  and  opiate  drugs  act  by  influencing 
memory  storage  is  supported  by  previous,  as  well  as  recent  (Castellano  and 
McGaug.1,1990)  evidence  that  the  drugs  do  not  induce  state-dependency.  That  is,  the 
effects  on  retention  performance  do  not  depend  upon  a  congruence  between  drug  states  a 
the  time  of  training  (or  shortly  after  training)  and  retention  testing. 

In  a  series  of  experiments  (Nagahara  and  McGaugh,  1992a;  1992b)  we  examined  the 
effects  of  the  GABAergic  agonist  muscimol  on  learning  and  retention  of  a  variety  of  tasks, 
including  inhibitory  avoidance,  water  maze  place  learning  and  rewarded  alternation. 
Muscimol  infused  into  the  medial  septum  prior  to  training  produced  dose-dependent 
impairment  of  long-term  retention  in  each  task.  In  all  tasks,  retention  was  unimpaired 
shortly  after  the  training.  Retention  was  not  influenced  by  posttraining  injections.  These 
findings  suggest  that  GABAergic  influences  in  the  medial  septum  (which  are  known  to 
regulate  hippocampal  muscarinic  cholinergic  functioning)  regulate  the  long-tenri  storage 
of  information  but  that  short  term  memory  is  independent  of  such  influences.  Furthermore 
they  indicate  that  the  effects  are  seen  in  a  variety  of  training  tasks  sampling  several 
"forms"  of  learning. 

Other  experiments  examined  the  interaction  of  GABAergic  and  opiate  systems  with 
other  neuromodulatory  systems  in  regulating  memory  storage  and  the  role  of  the  amygdala 
in  integrating  such  interactions.  Findings  from  this  laboratory  as  well,  as  many  other 
laboratories,  indicate  that  retention  of  inhibitory  avoidance  training  is  impaired  and 
enhanced,  respectively,  by  systemic  injections  of  GABAergic  agonists  and  antagonists. 
We  recently  found  that  the  effects  of  GABAergic  drugs  on  retention  is  blocked  by  lesions 
of  the  amygdala  (Ammassari-Teule,  Pavone,  Castellano  and  McGaugh,  1991).  These 
findings  strongly  suggest  that  the  effects  of  GABAergic  drugs  on  memory  are  mediated,  at 
least  in  part,  by  the  amygdala.  The  findings  are  also  consistent  with  our  findings  that  the 
effects  of  benzodiazepines  on  retention  of  inhibitory  avoidance  training  are  blocked  by 
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lesions  of  the  amygdaloid  complex.  In  a  first  experiment  (Tomaz,  Dickinson-Anson  and 
McGaugh,  1991)  we  found  that  systemic  injections  of  diazepam  prior  to  training  produced 
dose-dependent  impairment  of  retention  and  that  such  effects  were  blocked  in  animals 
with  NMDA-induced  lesions  of  the  amygdaloid  complex.  In  a  second  experiment 
(Tomaz,  Dickinson-Anson  and  McGaugh,  1992)  we  found  that  diazepam-induced  amnesia 
was  blocked  by  lesions  of  the  basolateral  nucleus  of  the  amygdala  but  not  by  lesions  of  the 
central  nucleus.  These  findings  are  of  importance  in  relation  to  our  studies  of  the  effects 
of  GABAergic  agonists  and  antagonists  because  benzodiazepines  are  known  to  act 
through  influences  on  GABAergic  activity. 

In  studies  using  systemic  injections  (Castellano  and  McGaugh,  in  press)  we  have 
obtained  additional  findings  suggesting  that  opiate  and  GABAergic  drugs  influence 
memory  through  a  common  mechanism.  Low  and  otherwise  effective  doses  of  muscimol 
and  P-admimstered  together  after  training  impair  retention.  Furthermore,  the  retention¬ 
impairing  effects  of  a  high  dose  of  P-endorphin  are  blocked  by  concurrent  administration 
of  a  low  and  otherwise  ineffecti\  e  dose  of  the  GABAergic  antagonist  bicuculline.  In  an 
extensive  series  of  previous  experiments  we  obtained  findings  suggesting  that  the  effects 
of  opiate  and  GABAergic  drugs  on  memory  are  mediated  by  influences  on  the  release  of 
norepinephrine  (NE)  within  the  amygdaloid  complex.  Recent  findings  (unpublished)  of 
studies  using  intra-amygdala  injections  provide  additional  support  for  this  view.  The 
retention-enhancing  effects  of  the  GABAergic  antagonist  bicuculline  were  blocked  by 
propranolol  and  the  retention-impairing  effects  of  p-endorphin  were  blocked  by 
concurrent  infusion  of  low  doses  of  the  adrenergic  agonist  clenbuterol.  Furthermore,  low 
and  otherwise  ineffective  doses  of  the  adrenergic  antagonist  propranolol  and  P-endorphin 
impaired  retention  when  injected  concurrently  into  the  amygdala  after  training.  Highly 
similar  results  were  obtained  in  studies  using  two  tasks,  and  inhibitory  avoidance  task  and 
a  water-maze  spatial  task. 

Cholinergic  effects  aiso  appear  to  be  involved  in  GABAergic  and  noradrenergic 
influences  on  memory  storage.  The  retrograde  amnesia  induced  by  systemic  injections  of 
GABAergic  agonists  is  attenuated  by  low  doses  of  the  muscarinic  cholinergic  agonist 
oxotremorine  (Castellano  and  McGaugh,  1991).  In  experiments  (unpublished)  using  intra¬ 
amygdala  injections  we  found  that  the  retention-enhancing  effects  of  clenbuterol  were 
blocked  by  a  low  dose  of  the  cholinergic  antagonist  atropine.  In  addition,  a  low  dose  of 
propranolol  administered  together  with  muscimol  lowered  the  dose  of  muscimol  required 
for  inducing  retention  impairment.  These  findings  are  consistent  with  other  evidence  from 
this  laboratory  suggesting  that  GABAergic  influences  on  memory  involve  NE  and  that  the 
effects  are  mediated,  in  turn,  through  influences  involving  a  muscarinic  cholinergic 
mechanism. 

In  summary,  the  research  supported  by  this  grant  has  provided  additional  evidence  that 
memory  storage  is  influenced  by  opiate  and  GABAergic  influences.  Within  the  range  of 
tasks  examined,  the  effects  did  not  depend  upon  the  forms  of  learning  and  memory 
examined.  Both  the  amygdala  and  septum  appear  to  be  involved  in  regulating  GABAergic 
influences  on  mert'ory  and  the  effects  appear  to  be  mediated  through  cholinergic 
influences. 
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